Abstract-Korea experienced a recession in the shipbuilding industry due to a decline in orders for vessels and a lack of orders from the Korean market. In 2017, the amount of orders has increased compared to the previous year, but it is expected to be only 60% of the previous level in 2020. However, it will be 20 years from 2003, when shipbuilding orders have increased substantially in 2023. In this paper, the stress distribution and safety factor of Offshore Lattice Boom Crane mounted on offshore plant is confirmed in accordance with the luffing boom angle and critical load. The possibility of buckling is checked through buckling factor. In addition, OLBC was designed and evaluated based on API and ABS standards for offshore plants.
I.
INTRODUC TION In 2009, Korea experienced a recession in the shipbuilding industry due to a decline in orders for vessels and a lack of orders from the Korean market. In particular, the proportion of domestic orders is low compared to that of competitors, and the countermeasure has not been adequately addressed. In 2017, the amount of orders has increased compared to the previous year, but it is expected to be only 60% of the previous level in 2020. However, it will be 20 years from 2003, when shipbuilding orders have increased substantially in 2023, and it is time for shipbuilding orders ordered from 2003 to swell in earnest. Therefore, even if the replacement of old vessels is considered, the quantity of orders will increase in the future. As offshore plant orders increase, orders for offshore plant equipment will increase. In addition, shipbuilding specialization, enlargement, complexation.
In this study, the stress distribution and safety factor of OLBC (Offshore Lattice Boom Crane) mounted on floating offshore plant (FPSO) using ANSYS analysis program is confirmed in accordance with the luffing boom angle and critical load. The possibility of buckling is checked through buckling factor. In addition, OLBC was designed and evaluated based on API and ABS standards for offshore plants.
II. OFFSHORE LATTICE BOOM CRANE STRUCTURE

A. Structual Analysis Procedure and 3D Modeling
The OLBC has a height 33m, a maximum working radius 42m, a boom and a gantry for luffing and hoisting, a pedestal supporting the entire structure, and a deck connecting three structures.
The boom parts were designed with S355J2 yield strength of 355 MPa and deck and pedestal part with DH36 of 350 MPa considering corrosion and safety when used at sea condition.
Since the actual model of OLBC is a complicated form to perform the finite element analysis, the model is simplified by using CATIA. In addition, the model is divided into 10 parts in order to generate a dense and delicate mesh, and collision inspection is carried out to be recognized as one structure. 3D modeling of LBC is shown in Figure 1 [1, 2] .
The line body in the ANSYS the design Modeler was used to give consideration to the luffing wire supporting the whole boom parts [3] [4] [5] .
The FPSO on which the OLBC is mounted is a floating type with drilling energy resources as well as producing, storing and transporting. The stability of the structure was evaluated during on board in order to take into consideration the continuously changing environmental loads. Therefore, the working environment of OLBC is divided into on board and off board. The luffing angle is divided into 28°, 61° and maximum 80°, and the structure is analyzed under 6 conditions. The CFX analysis was carried out to consider the wind loads under all conditions [6, 7] .
The pipes, which is the main structure of the OLBC, have a length longer than the cross-sectional area, and when the compressive load reaches the axial direction, the buckling phenomenon may occur in which the pipe is excessively bent in the transverse direction suddenly. Based on the pipe thickness, we divided the boom part, the gantry part and the pedestal part to judge the possibility of buckling. Table 1 summarizes the structural analysis conditions and procedures [8, 9] . 
B. Environmental Loads 1) Acceleration
Floating offshore plants are required to adhere to a fixed position for a long time in a rough sea environment, and it is very important from a design point of view to accurately predict and interpret environmental loads caused by waves, winds. The irregular motion caused by the wind and the continuous motion by the waves also affects the OLBC mounted on the floating offshore plant. In order to apply this wave motion as an environmental condition, the significant wave height (H sig ) was selected as 2m and the acceleration was calculated in the 3-axis direction based on the offshore classification regulations. The accelerations calculated from (1) and (2) (1) (2)
2) Dynamic factor
The offshore structure is exposed to various environmental loads, but small loads with a fine and complex effect cannot be simulated. Therefore, according to the API classification rules, the dynamic factors are obtained by dividing into two environments, on and off shore. Each dynamic factors are applied to hoisting loads to evaluate safety. The dynamic factor (C V ) of 1.42 on board and 2.00 off shore are obtained through (3) [11] . (3) 3) Pedestal factor
The pedestal substructure supporting the booms, gantry and deck should be designed for loads with pedestal factor applied to the vertical load. The pedestal factor is applied according to the three luffing angle conditions because the weight of the OLBC and the vertical load applied to the end of the boom generate a large moment affected the bottom of pedestal. The P.F. of 1.5 at 28 and 61 degrees, and 1.41 at 80 degrees are calculated through (4) . (4) 
III. THE NUMERICAL FINITE ELEMENT ANALYSIS
A. CFX Analysis
Since off shore plant cranes are located at sea, unlike land crane, wind load should be considered for the safety evaluation. OLBC is a complicated structure with thin-walled pipes intersecting each other, so it is difficult to calculate the pressure of the area subjected to direct wind load. Also, to realize geometry modeling and mesh generation, the boom parts of the structure was modeled as a single hexahedron. Simplified components do not seem to have a big impact on the overall wind load of the crane. In order to derive the flow pressure due to wind speed, flow field was created at 165 m in the opposite direction of the wind velocity and 82.5 m at the rest, and the flow was applied to the inlet with the wind velocity of 20 m/s.
The configuration of the mesh is very important to obtain accurate results in the CFX analysis. However, when the entire flow field is composed of dense meshes, the analysis time increases exponentially. In order to obtain fast and accurate pressure results, the crane surface was formed as a dense mesh, and as it moved away from the crane surface, it was formed as a large mesh. Table 2 shows the results of the CFX analysis of luffing angles. Turbulence occurred at the rear of the crane that was blown by the stream line, and maximum pressure was generated at the boom part and pedestal directly in front of the wind. It can be seen that the maximum pressure is not concentrated on one part and the wind load acts on the surface as a whole. The average luffing angle was 258 Pa with ± 5 Pa difference under three conditions. As a result of the overall flow analysis, it is necessary to consider the wind load as a structure to be used in the sea. However, OLBC has a relatively small wind receiving area, the wind is properly distributed between the pipes and the pressure of wind is small. Simplified flow CFX results can be interpreted as an overestimation, but the maximum pressure, Pa, is negligible compared to a 40 m high crane. This result shows that when the boom part is modeled as a single large hexahedron, the maximum area of the truss is reduced and the maximum pressure is further reduced.
B. The Results of CFX Analysis Units
C. Static Structual Analysis
Static structural analysis is performed by applying the maximum pressure obtained from the CFX analysis and the load derived from the load equation as the boundary conditions.
In order to consider the crane self weight, gravity was applied as standard earth gravity, and the acceleration due to the wave and the pressure are given as boundary conditions [12] . 
1) The hoisting load
The OLBC is a crane that lifts the cargo using a wire rope. The cargo should be fixed by applying a hoisting load considering the luffing angle and the safety load. In order to apply hoisting load as a boundary condition, it is applied in X direction and Y direction, respectively, and it is shown in Table  3 .
2) The lifting load Table 3 summarizes the lifting loads applied to the cranes under the six conditions of analysis in terms of the acceleration of the offshore plant in three axial directions (1) and (2), the dynamic factor (3) and the pedestal factor (4). The loads in Table 3 are applied to the boundary conditions according to the analysis conditions. Table 4 shows the maximum stress and the safety factor as the static analysis results of 28°, 61° and 80° at the land and sea, and the static analysis results are summarized by the roughing angle. The hoisting load occurred in the -x and -y directions while the maximum stress occurred in the gantry (boom part direction) connected to the boom and the line body. An average of 90 MPa of stress was produced in the boom part and 158.3 MPa in the fifth boom part connected to the line body. For pedestals and decks, stresses of less than 160 MPa can be observed. 
D. The Results of Static Structure
2) The static structural analysis results of Case2 and 5
Case 2 and 5 are static structural analysis results of 24 ton and 15 ton at a luffing angle of 61°. In Case 2, the maximum stress was 151.29 MPa at the deck and pedestal connection, and the maximum stress at Case 5 was 142.42 MPa at the downward position of Case2.
The maximum stress in the deck and pedestal occurred as the boom was struck in the gravity direction, while the lifting load was greater in the -y direction. The average stress at the top of the boom was 70 MPa and the average stress at the bottom of the boom was 50 MPa, which was smaller than the deck and pedestal gantry parts.
The vicinity of the luffing angle of 45° is used in the actual field and is not widely used at the minimum and maximum luffing angles due to boom deflection and possibility of buckling. At a luffing angle of 61°, the average stress of the boom is 60 MPa, and the safety factor of the whole structure is the highest at 2.35 and 2.49 in the 6 cases.
3) The static structural analysis results of Case3 and 6 (A) (B) FIGURE III. THE STATIC ANALYSIS RESULTS OF 61° : (A) THE STATIC ANALYSIS RESULTS OF CASE2; (B) THE STATIC ANALYSIS RESULTS OF CASE5
Case 3, 6 are static structural analysis results of 60 ton and 40 ton at a luffing angle of 80°. The maximum stresses in the pipe under the second boom were 242.3 MPa and 254.59 MPa, respectively. Unlike the results of the previous analysis, larger stresses occurred in the marine environment than on land.
In the second boom part where the maximum stress occurred, the stress difference was larger than the difference between the pedestal, deck and gantry in each part, but the overall stress distribution was larger than the four structural analysis results. In addition, unlike the results of large stress distribution above the lower part of the boom in the results of Case1, 2, 4 and 5, the stress at the lower part of the boom is two to three times higher than the upper part of the boom. This is because the y-direction load of the lifting has a great influence on the vertical direction of the pipe section, and the buckling phenomenon is likely to occur. However, all of the maximum stresses occurred at a lower load than the yield strength used.
IV. BUCKLING ANALYSIS
The buckling analysis was performed in Case 6 where the maximum stress occurred in the boom to determine the safety of the structure. In case 1 and case 3, where the maximum stress occurred in the gantry and pedestal part, which consist of a small section area and a long length, buckling analysis was performed to determine the linear buckling stability [13, 14] . 
1) Boundary conditions
In Figure 5 (a), the pin connected to the deck is fixed, gravity is applied to apply self weight, and the luffing load is applied as boundary condition in Case1.
In Figure 5 (b), in case 3, the pedestal underside is fixed and the force of the entire crane structure is applied as boundary conditions. In case of pedestal, its own weight is not considered because it is not greatly influenced by external environmental load.
In Figure 5 (c), in Case 6, the hoisting and lifting loads of the static structural analysis are applied and gravity is applied as a self weight. 2) The buckling results Table 5 shows the buckling analysis results. In Case 1, the buckling analysis of the gantry shows that the critical load factor is 12.58, the pedestal critical load factor is 22.93 in Case 3, and the critical load factor of the boom is 5.41 in Case 6 where the greatest stress occurs. In all three conditions, the critical load factor is over than 1, which means the linear stability of the structure. 
V. CONCLUSIONS
This study evaluated the safety of OLBC for offshore plant through finite element analysis. In order to consider the complex external environment loads, the CFX analysis results were applied as the boundary condition of the static structural and buckling analysis in six conditions.
1. As a result of CFX analysis, it was carried out under three conditions according to luffing angle, and it was found that the average was 258 Pa and distributed evenly over the maximum area of the crane. .
2. Structural analysis was carried out under 6 conditions according to use environment and luffing angle. As a result of the structural analysis, the maximum stress lower than the yield strength occurred and satisfied the safety factor of 1.2. In addition, the maximum stress was found to be the smallest and safe result at the most used angle in actual unloading.
3. Linear buckling analysis was performed by dividing the long pipe structure, which is likely to buckle, into parts. As a result of the buckling analysis of the boom with the greatest stress, it was confirmed that the buckling did not occur with the critical load factor of 1.41 or more.
